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Chapter 5
Welfare of Pigs in the Farrowing Environment
Anna K. Johnson and Jeremy N. Marchant-Forde
5.1 Introduction
In the U.S.A., housing for the lactating sow and her piglets can be divided into
five main areas. Total confinement, defined as the farrowing crate, houses the
highest number of sows at 83.4  4.0%. Remaining operations house fewer
sows with open buildings that have outside access at 12.4 4.1%, open building
with no outside access, 2.9 0.5%, lot with hut or no building, 0.6 0.2% and
pasture with hut or no building the lowest at 0.7  0.3% (NAHMS, 2000). In
the U.K., it is estimated that around 70% of sows farrow in crates, 27% farrow
outdoors in farrowing arks and only 3% farrow in loose-housed indoor systems
(BPEX, 2004).
Farrowing crates have become widely accepted by the industry for numerous
reasons: it has made sow management easier, it allows for a higher stocking
density of sows/unit of land and it can help to reduce piglet mortality (Fraser
and Broom, 1997). However, the farrowing crate has received criticism due to
potential detrimental effects it may inflict on the welfare of the sow. The
prevalence of decubital ulcers (Davies et al., 1996; Rountree et al., 1997),
behaviours considered maladaptive (Cronin and Wiepkema, 1984; Rushen,
1984; Haskell andHutson, 1996), and a limitation on allowing the sow complete
postural adjustments are a few considerations. The development of an alter-
native, economical farrowing system that retains the advantages of the conven-
tional farrowing crate could be beneficial to the industry (Collins, 1987).
Alternative outdoor swine operations for the gestating sow are increasing in
popularity in some countries. In 1975, only 6% of the U.K.’s national herd was
housed outdoors. This trend can be seen in other European countries, France
now houses 10% of its herd outdoors, and Denmark and Sweden are conduct-
ing feasibility studies to determine if their cooler climates would permit
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successful swine performance (Huijben and vanWagenberg, 1999; Riart, 2000).
However, for the sow and her litter during farrowing and lactation in the major
pig producing countries of the European Union (EU), an estimated 95% of
pork producers are using farrowing crates.
5.2 Overall Welfare Assessment for the Sow and Her Litter
The assessment of overall welfare within farrowing systems presents a unique
challenge for pork producers, veterinarians and animal scientists. Welfare
assessment within all other phases of swine production, involves pigs at a single
stage of their productive life. Within the farrowing environment, the sow and
her piglets are at two very different stages of their life and have different
requirements in regards to their thermal, social and physical (the production
system) environments. For example ambient temperature requirements differ
for the sow and her litter and in addition change over time (Johnson, 2001).
Temperature requirements for the lactating sow ranges from 15 to 26oC but
individual newborn piglets prefer a higher temperature of 34oC (Curtis, 1995;
FASS, 1999; Swine Care Handbook, 2003). At birth, piglets are poorly
equipped to deal with the environment outside of the sow. They are especially
susceptible to cold stress due to a lack of coat hair, a large surface area to body
weight ratio, lack of suitable energy reserves and poor body thermostability at
birth (English and Morrison, 1984). When the environmental temperature falls
below 34oC the newborn piglet is subjected to cold stress and will begin to
mobilize its glycogen reserves in the liver and skeletal muscles and nutrients
supplied through the sows’ colostrum to increase its heat production (Johnson,
2001). While undergoing cold stress, the piglet reduces its locomotive vigor, it
can soon become weak through starvation and will be less able to avoid
the restless movements of the sow (Aumaitre and Le Dividich, 1984; Arey,
1992). Litters can and will huddle and this can effectively increase the thermal
insulation and conduction (Mount, 1963; Bel Isle, 1978). Once the piglet has
huddled and raised its hair, it is up to the caretaker to provide warm, dry
bedding or even additional heat. Therefore, a system that may be ideal for the
welfare needs and requirements of the sow may be far from optimal for her
piglets and vice versa.
In addition, the skills, competency, experience and dedication of the care-
taker working daily with the sow and her piglets (McGlone and Johnson, 2003)
must be factored in. Designing a welfare-friendly farrowing system with dis-
regard for the person who has to care for the pigs within that system, can result
in the pigs’ welfare being good in theory but bad in practice.
In order for objective and science-based assessments to be conducted on
swine farms we must have an appreciation of the sow’s and her piglets’ welfare
during farrowing and lactation. This chapter will discuss the natural behaviour
of the sow and her piglets around farrowing. Next a variety of different
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commercially-available farrowing systems will be addressed. Finally, each
farrowing system will have their opportunities and challenges discussed in
relation to sow and piglet welfare.
5.3 Natural Farrowing Behaviour
To determine the best practices for providing good sow and litter welfare in the
farrowing accommodation, a good starting point is to re-examine the beha-
vioural patterns that have been documented around farrowing and during
lactation, in a natural or semi-natural environment. As discussed in Chapter
2, there is a complex series of behaviours carried, with sows and piglets under-
going various phases of isolation and community integration and living. Jensen
(1988) has proposed that maternal behaviour can be divided into six distinct
parts: (i) isolation and nest site seeking, (ii) nest building, (iii) farrowing, (iv)
nest occupation, (v) social integration, and (vi) weaning.
5.3.1 Isolation and Nest-Site Seeking
Outdoor wild, feral and domestic sows all proceed through three phases 48–24 h
prior to the birth of the first piglet. The sow will leave the social group and seek
isolation. The importance of this isolation may be gauged by the distances that
sows are willing to walk, reported to be between 2.5 and 6.5 km (Jensen, 1986,
Jensen et al., 1987). Many potential nesting sites are investigated with one
finally being chosen. Jensen (1986) noted that the sites were often situated
away from the usual ‘‘home range’’ of the sow, and were often chosen to provide
a degree of both vertical and horizontal protection and some form of a slope
(Jensen, 1986; 1989).
5.3.2 Nest Building
Next pre-farrowing nest building behaviour begins, which involves an orga-
nized sequence of activities. Jensen (1986) concluded that feral sows, when
choosing a suitable nesting site, preferred: (1) to use a variety of substrates for
nest construction, (2) that the nest walls were structurally sound with well-
formed sides, and (3) for the ground to slope. The chosen site is hollowed out to
a depth of 5–10 cm by rooting. Grasses, roots and leaves are collected and are
used to line the nest. Larger branches are arranged over the nest and grass and
other fine materials form a roof over the branches. The effort that can be made
to construct the nest can perhaps be illustrated by the fact that a single nest of a
free-ranging sow in Brazil contained 255 kg of plant material (Zanella and
Zanella, 1993).
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5.3.3 Farrowing
Farrowing often begins a few hours after the end of nest-building. The sow is
unusually passive for an ungulate, and once parturition is underway she carries
out very few postural changes. Sows often stand, turn and sniff the first piglets
born (Jensen, 1986), but this behaviour declines as more piglets are farrowed.
Sows do not get up to help the neonates from their foetal membranes and the
umbilical cord is normally torn when the piglet moves around to the udder.
Jensen (1988) proposes that this passivity may be due to the fact that the sow
gives birth to a large number of precocial young, and that to engage in maternal
behaviour individually as the piglets are born, may place them at unnecessary
risk of accidental crushing. After farrowing is complete, sows are inactive for
90–95% of the time during the first 48 h. This inactivity may be a behavioural
adaptation by the sow to reduce crushing and to allow the establishment of a
teat order.
5.3.4 Nest Occupation
Nest occupation occurs over the 7–10 days after farrowing is complete. Mater-
nal behaviour has a very complex organisation mainly revolving around the
suckling event. Nursing can be initiated either by the sow lying on her side and
presenting her teats or by the piglets squeaking at her head and (or) massaging
the teat area. Eventually the whole litter vigorously butts and jostles for posi-
tion at the mammary glands, with or without attaching themselves to the
nipples (Johnson, 2001). Often at this time piglets vocalize intensely and con-
tinually (Appleby et al., 1999). Go¨tz (1991) reported that sows spent most of
their time in farrowing crates in lateral recumbency (62 to 85%), but this
decreased over the lactation period. Ellendorff and Poulain (1982) reported
that during nursing the sow’s grunts became rhythmical, the frequency of
grunts was low at first becoming rapid (3.8  0.2 s). While rapid grunting was
still in progress, the whole litter became quiet, with each piglet suckling a nipple.
This period lasted between 7 and 38 s (average 15 s) and was followed by
another phase of active stimulation with predominant piglet behaviours invol-
ving butting and nosing at the udder. This later period ranged from less than
1 min up to several minutes, until piglets either detached themselves from the
teat, fell asleep, engaged in other activities, or the sow ended the nursing period
by standing up or rolling onto her sternum to hide her teats (Johnson, 2001).
5.3.5 Social Integration
In a free-range situation, the sow and piglets stay away from the rest of the herd
for at least the first week postpartum (Jensen, 1988). During the first one or two
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days, the sow forages very little and stays in close proximity to the nest site
(Johnson et al., 2001b). Later, she leaves the nest for longer periods and forages
further away, and eventually rejoins the herd for morning feeding, on average
seven days after parturition. The litter remains using the nest for a further two
to three days, until the nest is eventually abandoned. Thereafter, the litter is
gradually introduced into the herd. The behaviour of the sow and litter during
this stage of nest occupation probably establishes the sow-offspring recognition
that is important once social integration has occurred (Jensen and Redbo,
1987). Social integration for the sow and her litter occurs gradually over the
next few days. Free-range sows begin integrating their litter into the herd
towards the end of the second week (Jensen, 1988). This allows time for family
bonding to become complete before introduction to other litters. This introduc-
tion results in a shift of social interactions away from litter-mates towards other
piglets of a similar age (Petersen et al., 1989). The frequency of these interac-
tions gradually decreases to a steady low level after about eight weeks. These
results have important consequences for the design of group farrowing accom-
modation. It would seem to be appropriate to allow mixing of litters prior to
weaning, but not before about 14 days postpartum (Rudd, 1995; North and
Stewart, 2000).
5.3.6 Weaning
Weaning is likewise a gradual event. In effect, natural weaning starts early on in
lactation. The frequency of suckling declines gradually from the first week, and
the number of suckling events terminated by the sow increases perhaps indicat-
ing that the sows become less inclined to nurse (Jensen et al., 1993). Piglets begin
to consume solid food from around 4 weeks postpartum and by 8 weeks, solid
food constitutes a large part of the piglets’ diet (Jensen, 1995). The number of
piglets missing from suckling also gradually increases and weaning is completed
anywhere between 8 weeks (Newberry and Wood-Gush, 1985) and 19 weeks
postpartum (Jensen and Stangel, 1992), and there can be quite large variation in
weaning age occurring within a given litter (Jensen, 1995).
5.4 Current Commercial Farrowing Systems
Seen in the context of natural behaviour, it is hardly surprising therefore, that it
is essentially impossible to design a farrowing system for use in commercial
production that does not come into conflict with one or more aspects of natural
behaviour. Every farrowing system in commercial use or in experimental devel-
opment will contain a greater or lesser degree of compromise. There are a wide
variety of options available for housing the farrowing and lactating sow and her
litter, ranging from housing in conventional crates, through to housing in
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outdoor paddocks. The sow can be kept individually housed throughout,
individually housed in early lactation and grouped in late lactation or kept
in a group throughout (Fig. 5.1). Likewise, superimposed on the choice for the
sow, there are options to keep litters segregated throughout lactation or
segregated for the early part of lactation only and able to mix later in lacta-
tion. Allowing piglets to mix from birth does not work well for reasons that
will be explored in the following sections. In terms of grouping, this can occur
as part of a single housing system that covers the whole of the farrowing and
lactation periods, such as various, mostly experimental, communal farrowing
systems (e.g. van Putten and Bure´, 1997; Marchant et al., 2001) and commer-
cial systems such as group outdoor paddocks or the Swedish Thorstensson
system (Bradshaw and Broom, 1999a). Alternatively, farrowing and lactation
systems can be separated, with sows farrowing in one location and then
moving later in lactation into a multisuckling system, such as seen with the
Swedish Ljungstro¨m system.
Turn-around 
pens
Conventional
crate
Turn-around
crate Communal
pens
Outdoor arks
Hinged crate
Open pen
Outdoor ark
Hinged crate Open penTurn-around
crate 
Segregated
initially then
grouped
Segregated
throughout
lactation
Sows housed 
individually
Sows
grouped 
throughout
Sows housed individually in 
early lactation then grouped
Piglets
Thorstensson
system
Ljungström
system
Fig. 5.1 Diagrammatic representation of possible combinations of farrowing and lactation
systems. Most common combinations joined by thick arrows
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5.4.1 Standard Farrowing Crates
The standard farrowing crate is usually a tubular metal construction fixed
within a pen of about 2.2 m x 1.5 m, with recommended dimensions of around
2.2 m long, 0.6 m wide and 1.0 m high – Fig. 5.2. According to Whittemore
(1994) producers are still using crates that are smaller than this, irrespective of
the fact that sow size continues to increase. There are a wide variety of designs,
but most have common features in that they have a built-in feed trough with a
water supply for the sow and her piglets at the front, metalwork running
horizontally the whole length of the crate with some bars running across the
width over the front two-thirds to prevent the sow from escaping by climbing
upwards. The rear usually has a removable frame, the position of which is
adjustable depending on the length of the sow. The flooring substrate may be
solid concrete, with some slatting at the rear of the crate, or fully-slatted. Solid
flooring can be augmented with bedding, such as straw, sawdust or shredded
paper. Slatted floors greatly reduce the labor required to remove manure and
provide drainage for urine and soiled drinking water.
Over the years a variety of floor types have become available to the producer,
bare woven wire, metal, plastic coated metal and plastic (Stanislaw and
Muehling, 2002). There is usually a creep area (circa 0.5 m2) set to the side or
front of the crate which provides a warm lying area for the litter, with the heat
source either from a heated mat or an overhead heat lamp. Crates are usually
placed in rows within a room; the number of crates per room is dependent on
the farm size. Good disease management practice dictates that all sows should
Fig. 5.2 Conventional tubularmetal farrowing crate,with forward creep area and supplementary
piglet heating lamp
(Photo source: JNMF)
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enter and leave the farrowing accommodation at the same time (all in – all out)
and thus the number of farrowing places in a room should be related to the
number of sows that are due to farrow in a given cycle. The partitions between
the pens are usually about 0.5 m high, i.e. high enough to prevent piglets
escaping but low enough to allow a standing sow to see her neighbour.
5.4.2 ‘‘Turn-Around’’ Crates
Designs of note in this category include ellipsoid farrowing crates (Lou and
Hurnik, 1994 – Fig. 5.3) and modified triangular farrowing crates (McGlone
and Blecha, 1987; Heckt et al., 1988). These systems also attempt to take up an
amount of overall space only slightly larger than that used by a conventional
crate with pen; the above designs utilize an overall pen size of 2.0 m x 1.75 m
(ellipsoid) and 2.6 m x 1.5 m (triangular). Turn-around systems are similar to
conventional crates, in that they are made out of tubular metal and the system
incorporates a piglet creep area. The systems would usually be installed on a
fully-slatted floor as maintaining hygiene would be difficult if used on a solid
Fig. 5.3 Ellipsoid
and ‘‘turn-around’’
farrowing crates
(Photo source:
J.J. McGlone)
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floor with bedding, due to accessibility problems for cleaning given that the sow
can potentially eliminate at both ends of the crate.
5.4.3 Hinged Crates
Another design that has become increasingly popular over the last few years
within Europe is a system that is essentially a compromise between a conventional
crate and an open pen. As much of the piglet mortality due to crushing occurs in
the first few days after parturition, systems have been developed in which the sow
is crated around farrowing, but the crate can then be hinged open, a common
practice is to open this at 5–7 days after farrowing, to allow the sow space to
turn around for the remainder of lactation – Fig. 5.4 (MLC, 2004). However, the
caretaker still has the ability to restrain the sow if necessary for his or her own
safety when carrying out routine husbandry tasks. As with turn-around crates,
these systems also try to take up space similar to a conventional crate with pen.
The systems incorporate a piglet creep area and can be installed with solid floors
and bedding or on a fully-slatted floor (MLC, 2004).
Fig. 5.4 Tubular metal
hinged farrowing crate,
showing crate in open and
closed positions
(Photo source: JNMF)
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5.4.4 Open Pens
Before the development of farrowing crates, indoor-housed sows gave birth in
simple open pens, that were basically rectangular in shape, straw-bedded and
which may have incorporated a heated creep area in one corner. Over recent
years, the open pen has been subject to a great deal of research in the search for
alternatives to close confinement. As live born piglet mortality has been an
acknowledged problem in open farrowing systems, the major emphasis has
been towards modifications that afford the piglet a greater degree of protection.
Many open pens now contain rails that run around the pen perimeter, usually
about 15–20 cm up from the floor and out from the wall (McGlone and Blecha,
1987; Blackshaw et al., 1994), giving the piglets an escape area should they
become trapped between the sow and the floor when she uses the wall to lie
down (Fig. 5.5). Other designs incorporate sloping walls which again have in-
built escape areas at the bottom (e.g. Cronin et al., 1996;Marchant-Forde, 2002 –
Fig. 5.5). Heated creep areas are commonplace, either in one corner, along one of
the pen short sides or occasionally centrally placed in pens that are divided into
nesting and dunging areas. Many systems are still straw-based, as using bedding
Fig. 5.5 Open pens showing
rail and sloping wall
protection system
(Photo source: JNMF)
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tends to fit with the ethos of alternative farrowing pens, but open pens have been
developed with fully- or part-slatted floors (Heckt et al., 1988).
5.4.5 Outdoor Arks
Several farrowing hut designs are available to the swine producer: plywood and
plastic A-frames, steel English style arks and plastic and plywood models. Each
hut differs in shape, for example the A frame is taller and shaped in a flattened
triangle. The ‘A’ frame arks are usually constructed of plywood or tin over a
wooden frame, with sloping sides and a flat roof (Fig. 5.6). Dimensions are about
Fig. 5.6 Outdoor farrowing
arks, showing ‘A’-frame,
semicircular tin and
insulated plastic designs
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2.1 m wide  2.1 m long  1.2 m high, in comparison to the English style hut
which is lower and forms an arc (Penner et al., 1996; Honeyman et al., 1998a). As
the name suggests, the semicircular ark is essentially a near half-cylinder, usually
of corrugated tin over a wooden frame, with the ends filled in (apart from the
entrance) by plywood (Fig. 5.6). Dimensions are usually about 2.5 m wide 
1.7 m long  1.1 m high. For all types, some versions have a solid plywood
floor, others have no floor. In both cases, it is usual to use fairly large amounts
of straw as bedding.
There is no heated creep area and no water supply for either sow or her litter.
Some arks do incorporate rails to help prevent piglet crushing and some may
have double skins with insulation, in order to try to reduce extremes of tem-
perature, although research is lacking on the benefits of insulation (Edwards
and Furniss, 1988; Johnson and McGlone, 2003). Some producers have each
farrowing ark in its own paddock, some put perhaps up to eight arks per
paddock, depending on the paddock size.
Fenders are fixed onto the front of farrowing arks, and (1) serve to keep the
piglets close to the farrowing ark, (2) keep the straw in the huts for longer,
and (3) allow unrestricted movement of the sow (Honeyman et al., 1998b;
Johnson and McGlone, 2003). Two fender designs that are currently used
commercially are a low, wooden fender that fixes underneath the front of
the farrowing hut doorway and the second is a taller, metal structure. The
taller metal fenders can have two types of front, wooden boards or a plastic
polyvinyl chloride roller. Fender design may influence the length of time that
piglets are confined to the hut and the work efficiency for the stockperson
carrying out routine tasks (i.e., litter processing; Johnson and McGlone,
2003).
5.4.6 Communal Pens
Communal indoor systems have undergone a fair amount of study over
recent years (Stolba and Wood-Gush, 1984; Kerr et al., 1988; Arey and
Sancha, 1996; Pedersen et al., 1998; Weary et al., 1999a; Marchant et al.,
2000a; Marchant et al.,2001). Although the notion of keeping farrowing sows
in a group throughout farrowing and lactation does not appear to relate to
what we know of the sow’s natural behaviour, there are reasons for supposing
communal farrowing systems could work commercially, by reducing the
amount of mixing of sows after segregation in conventional farrowing sys-
tems and increasing the social skills of the piglets. In terms of design, many of
the pens themselves incorporate the types of features seen in the development of
single open pens, but with addition of barriers to contain piglets within the pen,
yet allow the sow to come and go from communal areas. Figure 5.7 shows three
experimental communal pen systems developed in the U.K. (top), Denmark
(middle) and The Netherlands (bottom). There are some common features, in
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terms of piglet-retaining barriers but also differences in terms of bedding, creep
areas and piglet protection designs. Group sizes are usually between 4 and 8 sows
and the system usually combines individual farrowing areas with communal
lying, feeding and dunging areas for the sow, and later, their litters.
Fig. 5.7 Experimental
communal pen farrowing
systems from U.K.,
Denmark and The
Netherlands
(Photo source: JNMF)
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5.4.7 Swedish Style Multisuckling Pens
There are two main types of multi-suckling management systems, which are in
commercial use in Scandinavia (Algers, 1991) but have also been tried as a
specialist system in other countries including the U.K. (Bradshaw and Broom,
1999a) and the U.S.A. (Larson and Honeyman, 2000; Honeyman and Kent,
2001). The first type is the Ljungstro¨m system, which involves farrowing sows in
individual open pens, and keeping sows and litters individually until around
14–21 days of age (Ebner, 1993). Then several sows, usually 6–8, and their litters
are moved together into a large straw-bedded multi-suckling pen (Fig. 5.8) and
kept here up to weaning at 5–6 weeks post-farrowing, when the sows are then
moved out to the service area, leaving the piglets behind as a group usually until
they reach a weight of 25+ kg. The second type of system is called the
Thorstensson system. This system also utilizes a large multi-suckling room,
but in this instance, the sows are already grouped before farrowing (Ebner,
1993). Temporary farrowing pens are placed down each long side of the room
on the day the sows enter the system. These pens allow the sow to come and go,
but a barrier prevents the piglets from leaving the pen before they are about
7–10 days old.
Before farrowing, the only straw in the system is within the pens, in order to
encourage the sows to farrow inside, but once all sows have farrowed straw is
placed throughout the room. The pens contain no heated creep area and no
protection rails, placing the emphasis for piglet survival largely on the maternal
qualities of the sow. Once piglet escape has become commonplace, all of the
partitions are removed and the system becomes a single large multi-suckling
Fig. 5.8 Ljungstro¨m multisuckling pen for 8 sows and litters
(Photo source: JNMF)
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pen. As with the Ljungstro¨m system, at weaning, only the sows are removed and
the piglets remain in place for a few more weeks.
5.4.8 Economic Considerations of Farrowing Systems
A major factor to be considered in the choice or conversion of farrowing
systems is the effects on cost of production. Outdoor housing is well-suited to
the vagaries of the economics of pig production, which has notorious profit and
loss cycles, because it requires minimal capital investment. FAWC (1996)
estimated that the capital cost for outdoor production, including gestation
and farrowing, was between £ 250 and £ 350 per sow place, compared with an
estimated £ 1500 per sow place for conventional indoor systems. However, these
figures do not include the capital cost of the land and more extensive systems
usually have increased variable costs, such as higher feed costs and higher
bedding costs (Bornett et al., 2003).
Alternative indoor systems also require substantial capital investment and
system elements that mean fewer pigs in the same given space, use of bedding,
changes in labor requirements etc., will have additional ongoing costs when
compared with standard crates in a non-bedded system. For example, the
amount of extra space needed for an alternative system may be as little as 9%
or as much as 147% (Table 5.1).
Although there is very little fully-costed economic evidence of welfare sys-
tems, there have been attempts made to model the changes in cost of production
(e.g. SVC, 1997; den Ouden et al., 1997; Krieter, 2002) and these do yield some
potentially useful information.
The SVC (1997) report carried out a modeling exercise on the ‘typical’
European farm of 165 sows housed intensively. In the basic farrowing model,
the sows are housed in conventional farrowing crates on slats and the piglets are
Table 5.1 Size of alternative farrowing systems relative to typical commercial farrowing crate
of 2.2  1.5 m
Alternative Size
(Metres)
Increase in floor space
needed (%)
Reference
Turn-around 1.5  2.6 21 McGlone and Blecha
(1987)
Sloped pen 2.1  2.1 40 McGlone and Morrow-
Tesch (1990)
Family pen 1.7  2.3
+0.4  1.0
30 Arey and Sancha (1996)
Werribee pen 2.3  3.5 147 Cronin et al. (2000)
Ellipsoid crate 2.0  1.8 9 Lou and Hurnik (1994)
Outdoor english-
style hut
2.8  1.7 41 Johnson et al. (2001a)
Average – 48 –
(source: J.J. McGlone, 2006)
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contained within the pen. In the increased welfare model, the crates are removed
and the sow and piglets are loose-housed on slats. The major cost component is
pre-weaning piglet mortality, which is set in the basic situation as 13.2%. The
model was then also run with the alternative system at 13.2%, and at 14.2%,
15.2% and 16.2%. Lastly, the 16.2% mortality model also had a straw compo-
nent added. In terms of farmer income, just moving to the alternative system
reduced income by 9% over the basic system. Then, if piglet mortality increased
(as most studies on loose-housed sows at farrowing show) there would be an
additional 12% reduction for every 1% increase in mortality over 13.2%.
Lastly, if straw was added as a cost to the worst-case scenario 16.2%mortality,
the total reduction in income was 60%, made up of 36% due to 3% increase in
mortality, 9% due to housing cost increase for loose housing and 15% due to
extra labor and housing cost increase due to straw.
Krieter (2002) compared costs of production using fully-slatted systems,
including crates for farrowing but groups for gestation, with straw-based systems,
including groups for both farrowing and lactation. His model calculated that
moving to the ‘high welfare’ system would increase costs by 24.4%. Thirty-nine
percent of this increase was attributed to the change in lactation system – i.e. an
overall 9.5% increase in end production cost was directly as a result of moving
from slatted crates to strawed groups during farrowing/lactation.
Another study has similarly examined cost of moving from intensive system
to a more extensive system, but has not teased apart the different stages of the
sow cycle into gestation system and farrowing system. However, these authors
still show similar economic trends. Den Ouden et al., (1997) used a different
method by which they calculated the change in cost per feeder pig produced for
the addition of 13 different factors into basic crate farrowing accommodation
with slatted floors. At this basic level, total chain cost of production per pig
from farrowing to slaughter was 357 Dutch Gilders (Dfl). If weaning age was
increased to 6 weeks from 4 weeks, this added 8.76 Dfl or 2.5% to cost per pig.
Adding straw to the sow herd at the rates of 1.4 or 7 kg per sow per week, added
3.20 (0.9%) and 5.89 (1.7%) Dfl. respectively
So, there is strong evidence to suggest that any move from a basic set-up of a
farrowing crate on a slatted floor will incur increased cost, dependent on the
extent to which change is introduced.
5.5 Challenges with Different Farrowing Systems for the Sow
and Her Litter
As previously stated, the farrowing system presents unique challenges and
opportunities due to the presence of pigs with two very different sets of require-
ments, namely the sow and her litter. The wide variety of system types and their
various combinations also means that it can be quite difficult to generalize the
challenges and opportunities across systems.
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5.5.1 Challenges with Isolation and Nest-Site Seeking
We know that under natural conditions, the sow will separate herself from the
herd and seek an ‘ideal’ nest site. Under commercial conditions, we are housing
the sow, with other pre-farrowing sows, in a given space. The space may range
in size from a farrowing crate to an outdoor paddock, but nonetheless, the space
from the sow’s point of view, is restricted. Thus, we can state that:
 Most commercial and experimental farrowing systems do not allow the sow
to seek and achieve isolation to the degree seen in semi-natural enclosures
Outdoor paddocks can at least afford the sow a degree of isolation, with each
farrowing space (ark) being self-contained and designed for a single sow only. If
the outdoor farrowing system utilizes a single paddock per ark, then the sow can
fully isolate herself. Indoors, the degree of isolation varies very little. Some of
the communal-type systems do offer both individual farrowing ‘sites’ coupled
with group-living areas, but the sow cannot achieve total isolation from her
group-mates. Individual open pens and the various crate designs give sows
isolation from physical contact, but multiple sows will be housed within the
room, so that there will be no auditory, visual or olfactory isolation.What effect
this lack of isolation has on the welfare of the pre-partal sow has not yet been
experimentally determined. There are data that show that as parturition
approaches, aggression between pre-farrowing, pair-housed sows increases
(Arey et al., 1992), even when the sows are well-acquainted with each other.
The hypothesis being that aggression may increase owing to frustration caused
by the inability to attain isolation (Arey et al., 1992).
However, it is not yet possible to tease apart the effects of lack of isolation
from the effects of lack of nest-site choice and seeking behaviour restriction.
This is because:
 Most commercial and experimental farrowing systems do not offer the sow
multiple nest sites spread over a large area and sows are highly motivated to
cover largedistances seekinganest site during this stageof the farrowingprocess.
Research on free-ranging sows suggests that they may travel between 2.5 and
6.5 km (Jensen, 1986; Jensen et al., 1987). These types of distances are really
only possible in outdoor production systems. In group paddocks, there will also
be one ark per sow and thus, the sows within the group that farrow early relative
to their group-mates, will also have a degree of ‘nest-site’ choice. Although all
‘nest-sites’ (arks) will essentially have the same physical characteristics, place-
ment relative to resources, such as feeding site or wallow, may mean some nest-
sites are more preferable than others. Sows housed in indoor group farrowing
systems will have a little space in which to travel, and again, the early-farrowing
sow will likely have some nest-site choice. Sows farrowing in indoor individual
farrowing systems, such as open pens and crates, will have very little space and
little or no choice in farrowing site. However, even sows housed individually in a
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6.5 7.0 m pen have been shown to cover over 350 to 500 m per day during the
nest-site selection period (Haskell and Hutson, 1996). Again, the degree to
which these restrictions impact the welfare of the sow is not known.
Another challenge with providing an element of nest-site choice is that:
 Sows may select a nest-site that is inappropriate – i.e. within the communal
or dunging area
This is particularly a problem in group farrowing systems, where sows may
choose to farrow in parts of the system designed for other uses such as the
communal lying area or feed area, or they may ‘double-up’, i.e. two sows farrow
in the same farrowing space (Rudd, 1995). This then forces the stockperson to
move the sow back into the designed farrowing area even though the sow has
clearly shown preference to nest-build elsewhere. Open farrowing systems may
be designed incorporating the key-features of nest-site choice, such as a degree
of visual protection, comfortable flooring substrate and ready availability of
nesting materials, but sows often choose not to farrow in the designated place.
When housed singly, they may take bedding from the ‘nest’ to build their own
nest elsewhere (Haskell andHutson, 1996) or when housed singly, they will also
do likewise and/or choose to farrow with other sows in the same nest (Arey
et al., 1992). Farrowing outside of the designated area can cause subsequent
problems for the welfare of the litter, as the piglets may now be away from
supplementary heat and away from in-built piglet protection elements. Moving
the sow when she has clearly chosen a nest-site is likely to have an impact on her
physiological and psychological welfare, but again, this has not been quantified.
5.5.2 Challenges with Nest-Building
The sow is highly motivated to build a nest. The initiation of nest-building is
mainly hormonally controlled (Widowski and Curtis, 1989; Boulton et al.,
1997a,b; Gilbert et al., 2001) whereas its performance and completion seem to
be regulated both hormonally and via environmental feed-back (Jensen, 1988;
Jensen, 1993: Arey et al., 1991; Damm et al., 2000). The extent to which a sow is
able to nest-build will obviously be greatly dependent on the housing system in
which she is kept. Themajor elements are freedomofmovement and presence of
appropriate nesting substrate. Thus we have a challenge that:
 Close confinement and bedding-free systems greatly restrict nesting beha-
viour, which may result in increased stress and altered behaviour during the
nesting phase
We know that ordinarily a great deal of behavioural effort goes into building
the nest. If the sow is unable to move during this phase and does not have access
to nesting material, which might be as basic as straw or shavings, then her
behaviour is altered. Nesting is more elaborate in open pens than in crates
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(Thodberg et al., 2002; Damm et al., 2003a) and less fragmented (Damm et al.,
2003a). Without access to a nesting substrate, sows usually direct rooting and
pawing behaviour at pen fittings and flooring (Hartsock and Barczewski, 1997)
and crated sows in particular, show increased posture-changing and more
sitting (Jarvis et al., 2001). The peak in substrate-directed behaviour is closer
to the birth of the first piglet in crated sows with no access to straw, then in
penned sows with straw (Jarvis et al., 2001) and plasma cortisol is also higher for
these sows (Jarvis et al., 2001). Jarvis et al. (2002) then carried out a 2  2
factorial experiment looking at straw/no straw and crate/pen and found that
cortisol and adrenocorticotrophic hormone (ACTH) levels were higher in all
crated sows, regardless of presence of straw. Thus, behavioural restriction
rather than lack of access to nesting substrate activated the hypothalamic-
pituitary-adrenal (HPA) axis. The difference in plasma cortisol is greater in
gilts than in sows with prior experience (Jarvis et al., 1997), indicating at least
some degree of adaptation to stress over this period.
Without bedding, sow behaviour is altered. However, does a paucity of
nesting material or the inability of the sow to build a nest to her satisfaction,
have a knock-on effect on subsequent behavioural elements of farrowing?
 The sow may actually need to build a quality nest in order to switch-off the
sequence and prepare for the next phases. Does an inadequate nest building
phase result in aberrant farrowing and post-farrowing behaviour?
There has been relatively little work carried out in this specific area, but there
have been some studies that have attempted to relate disturbed or inadequate
nesting to subsequent events. For example, Damm et al., (2000) investigated
differences between loose-housed sows with access to straw and branches and
loose-housed sows with access to straw only. The straw only sows continued
nest-building much closer to the birth of the first piglet and then 71% of these
sows carried out further nest-building after parturition was underway, com-
pared to 38% of the straw + branches group. If nests are physically removed,
then this increases cortisol response and heart rate in sows as parturition
approaches, relative to sows with undisturbed nests (Damm et al., 2003b) and
it also makes the sows more reactive after farrowing, when calm behaviour is
advantageous, and it takes their piglets longer to access the udder and suckle
after being born, which may affect viability (Pedersen et al., 2003).
5.5.3 Challenges with Farrowing
Once parturition is underway, the sow is usually fairly passive. Close confinement
and/or lack of bedding per se during this particular phase, may not be a welfare
concern for the sow, as she may well not change posture during the whole of this
phase, and there is no hormonal evidence to suggest that confinement during the
parturition process is stressful (Lawrence et al., 1997). However, if she does stand
5 Welfare of Pigs in the Farrowing Environment 159
up during farrowing, the fact that she is confined may theoretically increase
the likelihood that she could crush one or more of her piglets. As each piglet is
born, it stays in very close proximity to the sow andmakes its way round to the
udder to begin sucking. As soon as the sow stands, she needs to locate her
piglets and make sure they are not in the danger area when she subsequently
lies back down. This is much more difficult for her to achieve in a crate than in
an open system, and thus the piglets are potentially at greater risk of being
overlain if this aspect of sow maternal behaviour is important for piglet
survival. There is also conflicting evidence that parturition is slowed and
stillbirths are increased in confinement farrowing systems. Conversely, how-
ever, if the sow is aggressive either towards her litter or towards a caretaker
confinement may be advantageous (Marchant-Forde, 2002). We therefore
have potentially conflicting challenges at the time of farrowing:
 Confinement during parturition places piglets at greater risk of stillbirth and
may increase crushing risk
A number of studies have demonstrated that as the mean interbirth interval
between piglets increases, or the variation in interbirth interval increases, then
the incidence of stillbirths increases (Zaleski and Hacker, 1993: van Dijk et al.,
2005; Pedersen et al., 2006). Therefore, it follows that any environmental effect
that may influence interbirth interval may have an effect on stillbirth incidence.
There has long been a hypothesis that the length of parturition is related to the
amount of activity and/or exercise that the sow is able to carry out immediately
prior to parturition (Ba¨ckstro¨m, 1973; Hansen and Vestergaard, 1984). How-
ever, the relationship is unclear.Wulbers-Minderman et al. (2002) reported that
duration of parturition is shorter for sows housed in outdoor huts (157 min)
compared with sows housed in indoor pens (234 min). Biensen et al. (1996) and
Thodberg et al. (2002) have both reported shorter interbirth intervals for sows
farrowing in indoor pens (13 and 19 min respectively) compared with sows
farrowing in indoor crates (18 and 30 min respectively). Cronin et al. (1993)
studied sows only in crates, but gave some access to sawdust whereas others had
no access to a bedding substrate. They found that parturition was quicker for
those sows with sawdust (159 min) compared to those without (201 min). Other
work in this area has found no effect of increased space, albeit increased space in
widened crates (Fraser et al., 1997) and a contrary effect of bedding, with the
provision of straw actually increasing duration of parturition of sows housed
both in crates and open pens (Jarvis et al., 2004). The effects of confinement on
stillbirth incidence are not clear-cut.
In terms of posture changing, we have good evidence that the risk of crushing
is much greater for piglets if the sow changes posture during parturition itself
(Weary et al., 1996; Marchant et al., 2001; Andersen et al., 2005) but not many
studies have investigated the effect of environment on posture-changing during
parturition. Sows in conventional crates have been shown to carry out more
postural changes during parturition compared with open penned sows (Damm
et al., 2002a) and at least during the early part of parturition compared with
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sows housed in wider crates (Fraser et al., 1997). Boyle et al. (2002) examined
the effects of gestation housing system on responses to farrowing in crates and
found that sows that had gestated in loose-housing carried out more posture
changes during parturition than sows that had gestated in confinement. When
farrowing in confinement, bedding can effect postural changes, with sawdust
decreasing posture-changing incidence and the number of piglets crushed
(Cronin et al., 1993). As detailed in the previous sub-section, if nest-building
is not completed to the sow’s satisfaction prior to parturition starting, she may
continue to carry out nesting behaviour with piglets present (Damm et al.,
2000). Where nesting occurred during parturition, sows carried out an average
of 16 posture changes, compared to an average of only 5 posture changes
carried out by non-nesting sows (Damm et al., 2000)
 Loose housing during parturition places piglets at greater risk of death due
to savaging and makes intervention more difficult.
Savaging is much more common in first time mothers than in experienced
sows (English et al., 1977; Harris et al., 2003) but the true incidence of poten-
tially infanticidal behaviour is probably under-estimated due to lack of data.
On commercial farms and many experimental studies, savaging is used to
describe the interactions between dam and piglet that result in death of the
piglet, rather than offspring-directed aggression that does not result in mortal-
ity. The percentage of gilts that savage piglets to death has been quoted in
various studies as 3.4% (Harris et al., 2003), 8.1% (Marchant-Forde, 2002) and
18.7% (Cronin and Smith, 1992). These differences can probably be explained
in part by the fact that the Harris et al. (2003) study is reporting a large farmer-
entered database using crates, whereas the other two studies are reporting
relatively small scale experimental studies using a mixture of open pens and
crates. In terms of the percentage of gilts that show savaging behaviour,
including non-fatal savaging, figures are significantly higher, with reported
incidences ranging from 21.1% (Ahlstrom et al., 2002), through 42.1%
(McLean et al., 1998) to 88.9% (English et al., 1977).
Our understanding of the causes of this offspring-directed aggression is still
rather vague, and the incidence relative to confinement or loose housing is
equivocal. There is some evidence that gilts that are likely to savage piglets
can be identified before savaging occurs. Behavioural testing and observations
during gestation suggests that savaging gilts are more likely to exhibit ‘shy’
behaviour towards humans (Marchant-Forde, 2002) and show low aggression
towards pen-mates (McLean et al., 1998). During the expulsive phase of far-
rowing, savaging gilts have been shown to be more restless and more reactive
towards their piglets (Ahlstrom et al., 2002).
If we had to predict whether savaging would be greater in confined or open
systems, we could in fact argue in both directions. In an open system, the gilt can
get at the piglets, no matter where the piglets go in the pen. Therefore, a gilt
wishing to attack her litter, could readily do so, but the ability to move may
enable her to investigate and familiarize herself with her piglets before resorting
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to aggression. In confinement, the gilt can only attack piglets if they venture
near her head, but maybe the inability to move makes familiarization difficult
and makes the gilt more susceptible to spontaneously attack her litter. The
results from various studies reporting savaging mortality do not support either
prediction clearly. Marchant-Forde (2002) reported that 12.9% of gilts in pens
savaged piglets compared to only 3.2% in crates. McLean et al., (1998) found
that incidence of savaging was not related to treatment, but other studies have
found that savaging was more likely to occur with gilts in crates (Jarvis et al.,
2004) and especially gilts in crates with no access to straw (Cronin and Smith,
1992). This result perhaps highlights the influence of a frustrated nesting phase
on susceptibility to savage. Beattie et al. (1995) carried out a 2  2 factorial
experiment, with gilts moving between barren (B) and enriched (E) gestation
and farrowing systems and found that savaging incidence was 14% with gilts
moving from an enriched, peat- and straw-based gestation system into slatted
standard farrowing crates with no access to bedding (EB treatment). Savaging
in the other three treatments was 4% in the BB treatment and 0% in BE and EE
treatments.
For human caretakers around the time of parturition, care of sows in crates
is relatively easy – the sow is locked in an accessible position and manipulations
can be done without much danger to the carer. In an open pen system, access
can be difficult and the carer can be in danger if the sow is aggressive and
protective of her litter. This aspect is largely anecdotal, but Marchant-Forde
(2002) reported that 8.1% of 62 gilts on trial were dangerously aggressive
towards humans, but these were all in an open pen system, so incidence in this
system was in fact 16.2% compared with 0% in the crates. Worryingly, aggres-
sion increased with age, so that 2nd parity sows were more aggressive than gilts
and 3rd parity sows were more aggressive than 2nd parity sows. However,
aggression towards the carer also showed a degree of consistency both across
time within lactation and across parities. It was also related to somemeasures of
human approach recorded during the first gestation, with ‘bold’ sows being
more predisposed to carer-directed aggression (thus a different population to
sows which savage piglets). Therefore, potentially aggressive sows could be
identified even before entering the farrowing accommodation and precautions
could be taken, either by only putting these sows into a confinement system, or
subsequently removing them from the herd.
5.5.4 Challenges with Nest Occupation
In some respects, the challenges associated with the nest occupation phase are
the crux of the welfare issues regarding farrowing systems. Over the last few
decades it has become an issue of the welfare effects of confining the sow versus
the welfare impact of increased piglet mortality in open systems. Confinement
of the sow is an issue for the whole time the sow is in the farrowing room – i.e.
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from entry prior to nest-building to exit at weaning, covering all six phases, but
piglet mortality is really an issue at this time-point only – the nest occupation
phase. Once the piglets have been born, sows in a natural environment continue
to occupy the nest-site without integrating the litter with the herd for about 7–9
days, although they themselves may spend time away from the litter interacting
with herd-mates. At this time, the piglets are still very vulnerable to nutritional
and thermal deficits and are not very mobile. We know that regardless of the
type of farrowing system, the majority of piglet mortality occurs in the first few
days post-parturition and around half of total pre-weaning mortality occurs
within the first 24 h of life (English and Smith, 1975; Cronin et al., 1996;
Marchant et al., 2000a, 2001). The total amount of mortality and the cause of
death are influenced by environmental, management, nutritional and genetic
factors but behaviour is also a factor. In the first few days after parturition, the
behaviour of the sow and the piglets is extremely important for piglet survival
and it can be greatly impacted by the farrowing system. However, first let us
address the thermal and nutritional environment. At birth, sows and piglets
have very different thermal requirements of around 18–208C for sows and
30–348C for piglets. In all farrowing systems, we have the challenge that:
 A farrowing system that fails to meet the thermal needs of the sow and litter
during nest occupation may impact piglet survival and growth
The widely different thermal needs at birth are usually handled indoors by
the use of whole house heating to meet the sows’ requirements plus additional
localized heat sources in a creep area to meet the piglets’ requirements. Ideally,
having a large differential between house and creep temperatures will work to
draw piglets away from lying in contact with the sow and thus, keep them away
from where they could be prone to crushing (see below). Where the house
temperature has been reduced relative to the creep temperature, piglet use of
the creep area is maximized (Farmer et al., 1998; Schormann and Hoy, 2006).
With crated systems, sow location is predictable and thus supplementary heat
sources can be placed where the caretaker wants. Often, extra heat lamps are
suspended by the crate for the first few days post-farrowing, but their location
may have little effect on the piglets’ preference to lie close to the sow (Hrupka
et al., 1998) and recently, an epidemiological study has found that infra-red heat
lamps actually increase the risk of pre-weaning mortality compared to other
forms of heat (O’Reilly et al., 2006), though the reason for this is unclear. In
open farrowing systems, sow location may be less predictable and thus, heat is
usually provided in a single area, which is only accessible to the piglets. The heat
source may be in the form of suspended heat or infra-red lamps, or a heated
mat. More recent research has involved the development of simulated udders
(Lay et al., 1999) or heated water beds (Ziron and Hoy, 2003).
In outdoor systems and ‘low-tech’ indoor systems, such as the Thorstensson
system, there is no supplementary heat provided for the piglets. The thermal
environment is therefore dependent on the provision of substrates to build a
nest. Nests are built to protect piglets from predators, to reduce the risk of
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piglets being crushed and to keep them warm (Curtis, 1995). Algers and Jensen
(1990) recorded the temperatures in 16 farrowing nests built by free-ranging
domestic sows during two winters for the first wk post partum. Measurements
were made approximately 5 cm from the piglets. Nest temperatures were
virtually unaffected by outer climatic conditions and by the number of animals
in the nest. Algers and Jensen (1990) reported that nest temperatures varied
between 11 and 26oC (average 20.3oC) and outer temperatures at the same time
varied between –17 and 7oC (average –1.5oC). So even in challenging ambient
temperatures, the thermal requirements of the piglets can be met in a well-built
nest. However, the thermal success of a nest will be influenced by the maternal
behaviour of the sow – firstly in building a good nest and secondly by spending
time in it.
Another primary challenge for the piglets after birth is to gain adequate
nutrition:
 A farrowing system that impacts the suckling behaviour of the sow and litter
during nest occupation may impact piglet survival and growth
Immediately after parturition, it is vitally important for the piglets to find the
udder and to begin accessing colostrum. Those piglets that take longer to reach
the udder and suckle colostrum have lower antibody titers (Damm et al.,
2002b), greater drop in body temperature (Hoy et al., 1995) and greater risk
of mortality (Hoy et al., 1995). Given this importance, it is surprising that there
has been relatively little attention given to this aspect in relation to housing
system impacts on time taken from birth to first suckling. There is some
evidence that piglets in a group pen farrowing system have a shorter birth to
suckle interval (Bu¨nger and Schlichting, 1995) and this may in part be due to
accessibility of teats. For example, Lou and Hurnik (1994) showed that teat
access was better in ellipsoid crates compared with conventional crates and
when Rohde Parfet et al. (1989) examined the interval from birth to first udder
contact, they found that crate design did have an impact, with piglets born to
sows housed in short, wide crates with the bottom rail only 20 cm from the floor
taking the longest to take teats into their mouths. In open farrowing systems,
piglets should be relatively able to gain udder access as there is no metalwork to
potentially physically block teat availability. However, aspects which affect the
sow’s posture-changing behaviour during and immediately after parturition
may play a role in delaying the birth to first suckling interval, as has been
demonstrated in farrowing crates (Rohde Parfet andGonyou, 1988). In an open
pen system, sows which underwent disruption of their nests subsequently
carried out more nest-building behaviour during parturition and their piglets
took significantly longer to suckle after birth (Pedersen et al., 2003).
Later in the nest occupation phase of some farrowing systems, sow beha-
viour can still impact whether or not the piglets obtain sufficient nutrition.
There are a number of indoor experimental farrowing systems that have been
designed to allow the sow to get away from her litter, as would happen in the
natural nest occupation phase, and indeed, farrowing arks used in outdoor
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production also usually have a fender to retain piglets within the ark while the
sow can access the paddock. However, for these systems to work, there is a
reliance on good maternal motivation from the sow to return and suckle her
litter and good barrier design to prevent early piglet escape (Rudd, 1995). If the
sow spends too long away from the litter then the piglets may become under-
nourished, which puts them at increased risk of mortality, either as a primary
cause (starvation) or a secondary cause (crushing). Sows with access to get-
away areas showwide variation in the amount of time they spend away from the
litter (Pitts et al., 2002) and this can effectively become abandonment if the
piglet area is sub-optimal or if the sow is content to suckle those piglets which
escape into the get-away area (Marchant et al., 2000a).
Having got to the udder and suckled successfully, the newborn piglet still has
a high risk of dying but this risk is greatly increased if suckling is unsuccessful.
Crushing or overlying by the sow remains the major cause of early piglet
mortality in all types of system both indoors (Marchant et al., 2000a) and
outdoors (Edwards et al., 1994) but it is closely tied to nutritional status and
thermal environment (Edwards, 2002). We have the challenge that:
 A farrowing system that impacts the behaviour of the sow and litter during
posture changes may impact piglet survival due to crushing
The risk of a crushing event happening is dependent on the type of posture
change that the sow makes, the type and amount of behaviours that the sow
carries out before she makes the posture change and the location of the litter
relative to the sow and to each other (Marchant et al., 2001). For the piglet, the
fatal/non-fatal outcome of the crushing event may then depend on how respon-
sive the sow is to its distress calls.
The most dangerous posture changes for the piglets are the sow lying down
from standing, lying down from sitting or rolling over (Weary et al., 1996);
Bradshaw and Broom, 1999b; Marchant et al., 2001; Damm et al., 2005;
Johnson et al., 2007). The way the sow lies down has been described in detail
(Baxter and Schwaller, 1983) but what appears to be critical is the amount of
control that the sow exerts over the final stage, where the hindquarters make
contact with the floor (Marchant et al., 2001). Ordinarily, sows seem to prefer to
lean against a vertical surface to help control lying down, both during gestation
(Marchant and Broom, 1996) and post-farrowing (Damm et al., 2006). If a sow
lies down without leaning, the risk of piglet crushing increases (Marchant et al.,
2001). Farrowing crates work advantageously by preventing this type of sud-
den, uncontrolled descent of the hindquarters. Farrowing crates have been
shown to have more crushing deaths associated with lying down from a sitting
position compared to open pens (Edwards et al., 1986), but the frequency of
sitting is increased in crates relative to pens and thus, the number of sitting to
lying transitions is higher. Also, generally, this crushing increase is more than
offset by increased crushing due to other posture changes in pens. For example,
in open pens, rolling by the sow can be the cause of as many as half of all
crushing deaths (Weary et al., 1996, 1998; Bradshaw and Broom, 1999b;
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Marchant et al., 2001), whereas this posture change is effectively prevented by
farrowing crates. Rolling is especially prevalent by sows housed on hard floors
(Herskin et al., 1998) and may be pain-related, being reduced in sows given
analgesia (Haussman et al., 1999).
Before she changes posture, especially lying down from standing, the sow is
often seen to carry out some pre-lying behaviour, hypothesized to ensure that
the area into which she is lying, is clear of piglets (Marchant et al., 2001). The
behaviour may involve looking around to locate piglets, rooting, nosing and
pawing at any substrate and pushing piglets away with her snout. In crates,
these types of behaviour are greatly restricted and the sow can only locate
piglets near her head. In open pens, there is strong evidence to show that sows
which engage in more of this behaviour before lying down have reduced rates of
crushing (Marchant et al., 2001; Valros et al., 2003; Andersen et al., 2005),
emphasizing the importance of the quality of maternal behaviour needed for
open farrowing systems to work successfully. However, the context in which
pre-lying behaviour is carried out is also important (personal observation). If
the litter is resting together away from the sow, it may be better for the sow to lie
down quickly without disturbing her piglets, in which case, carrying out little or
no pre-lying behaviour is better. If, in this scenario, she performs a lot of pre-
lying behaviour she risks the litter getting up and entering the area into which
she is about to lie down, thereby increasing the risk of a crushing event.
This brings us to crushing in relation to the location of the piglets. Obviously,
crushing can only occur if the piglets are near to the sow when she changes
posture. However, ‘‘nearness’’ by itself is not necessarily a risk factor (Marchant
et al., 2001). If the piglets are clustered and near to the sow, crushing risk is
relatively low, but if piglets are spread out and near to the sow, then this poses
problems for the sow in her ability to successfully locate all her piglets, and the
risk of crushing is much higher (Marchant et al., 2001) even in an open system,
where she is able to turn round. In early lactation, the piglets have high
nutritional and thermal demands and are often found in close proximity to
the sow to meet both these demands. Piglets with low weight-gain are especially
more likely to spend time in contact with the udder, and this places them at
proportionally higher crushing risk than their littermates (Weary et al., 1996).
Most farrowing systems incorporate a creep area – an area accessible only to the
piglets and which usually has a supplementary heat source – in order to draw
piglets away from the sow and thus, reduce the risk of crushing. Other devel-
opments to influence piglet behaviour have included the design of a simulated
udder (Lay et al., 1999) and the use of air blowers to encourage piglets away
from the sow when she changes posture (Jeon et al., 2005).
If a piglet becomes partially trapped by the sow, it usually screams to alert
the sow, who should then change posture again to release her piglet. This
maternal responsiveness is a protective behaviour which often appears to be
lacking or blunted in modern commercial sows with large between-sow varia-
bility reported bymany authors (Harris andGonyou, 1998; Herskin et al., 1998;
Marchant et al., 2000b; Held et al., 2006). However, within-sow, there has been
166 A.K. Johnson and J.N. Marchant-Forde
documented consistency in responsiveness to piglet screams both within parity
(Marchant et al., 2000b) and across parities (Held et al., 2006). There has also
been documented consistency in crushing rates across parities (Rudd and
Marchant, 1995; Jarvis et al., 2005), with over 40% of sows on an experimental
unit especially being consistent in crushing no piglets over three parities in open
pens (Rudd and Marchant, 1995). These facts indicate that this aspect of
maternal responsiveness and crushing rates may be subject to selection, to
improve piglet survival in open systems where maternal ability is of greater
importance for system success (Grandinson, 2005).
5.5.5 Challenges with Social Integration
Under natural conditions, the sow begins to leave the piglets alone in the nest a
couple of days post-partum and then on average around 10 days after farrow-
ing, the nest site is abandoned (Petersen et al., 1989) and the sow begins to
process of integrating her litter into the family group, where they come into
contact with piglets from other litters, anywhere between 7 and 15 days post-
partum (Newberry and Wood-Gush, 1986; Petersen et al., 1989). Under stan-
dard commercial conditions, piglets do not interact with non-littermates until
they are removed from the sow and mixed at weaning – apart from those litters
where cross-fostering may occur in the first few days immediately post-partum.
However, there are experimental and commercial systems that do expose litters
of piglets to each other prior to weaning and this could potentially expose
piglets to aggression from non-littermates and competition for access to their
dam’s udder at milk let-down due to cross-suckling. So, firstly, we have the
challenge that:
 Social integration places piglets at risk of social stress due to aggression
When unfamiliar pigs are mixed together, aggressive encounters will ensue,
to a greater or lesser degree. The duration and severity of the encounter will
most likely depend on the relative sizes of the pigs to each other (Rushen, 1987),
their previous social experiences and perhaps their age (Pitts et al., 2000), but
also the environment in which the encounter takes place. Some farrowing
systems in commercial use do allow piglets from different litters to mix prior
to weaning – for example, most outdoor systems and the Swedish Ljungstrom
and Thorstensson systems. A number of experimental communal farrowing
and/or multisuckling systems also allow piglets to mix or co-mingle, prior to
weaning in the presence of their dams (de Jonge et al., 1996; Wattanakul et al.,
1997a; Olsson et al., 1999). Other researchers have modified individual farrow-
ing systems to allow just piglets to mix by removing partitions between pens or
crates (Pluske and Williams, 1996; North and Stewart, 2000; D’Eath, 2005).
In most cases, researchers have concentrated on the effect of mingling pre-
weaning on the piglets’ subsequent behavioural responses to weaning itself and
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post-weaning mixing. Generally, studies have consistently found that if piglets
are mixed during lactation, their welfare is improved at weaning, with reduced
aggression compared to previously unmixed control piglets and better post-
weaning growth rates (Wattanakul et al., 1997a; Weary et al., 1999a, 2002;
Bu¨nger et al., 2000; North and Stewart, 2000; Cox and Cooper, 2001; Hotzel
et al., 2004; Hessel et al., 2006). However, many studies have failed to look what
happens to the piglets at the time of mixing during lactation. Wattanakul et al.
(1997b) found that when piglets were mixed at 11 days of age, skin damage
scores were higher than unmixed controls. Also at mixing at 11 days of age,
Weary et al. (1999a) reported little aggression and no sustained fighting, but in
another study with mixing at 14 days of age, reported twice as much agonistic
behaviour in mixed pigs compared with unmixed controls (Weary et al., 2002).
Parratt et al. (2006) showed aggression increased around fourfold in piglets
mixed at 16 days of age compared to unmixed controls in the 90 min post-
mixing. The apparent differences may be due to differences in age at mixing and
the environments into which piglets are mixed. Under natural conditions,
piglets are mixed at a relatively young age, in the presence of their free-moving
dams and in a great deal of space. For the above studies, sows may be confined,
piglets may be slightly older and space may be limiting.
However, notwithstanding these limitations, the reduction in post-weaning
aggression appears to be greater than any increase in aggression seen at co-
mingling pre-weaning and there are other benefits too. Weary et al. (2002)
reported that piglets mixed at weaning were involved in roughly 8 times the
amount of aggression that co-mingled piglets were. Hotzel et al. (2004) reported
a fivefold reduction in post-weaning aggression for co-mingled piglets. North
and Stewart (2000) andWattanakul et al. (1997a) recorded 5–8 times fewer skin
lesions on co-mingled pigs when remixed at weaning. Other studies have also
shown that co-mingling bestows long-term benefits in terms of improved social
skills (Olsson et al., 1999; Hillmann et al., 2003; D’Eath, 2005), with co-mingled
piglets able to establish hierarchies quicker (D’Eath, 2005) and weight gain
post-weaning seems to be improved (Wattanakul et al., 1997a; North and
Stewart, 2000; Hessel et al., 2006).
The other big challenge with social integration during lactation, is that
piglets from other litters may be competing for milk at suckling events. Thus,
our second challenge during this phase is:
 Social integration places piglets at risk of being displaced from the udder at
milk let-down by piglets of other litters
When lactating sows and their litters are mixed, cross-suckling does occur.
Reported incidences of ‘alien’ piglets present at a suckling event range from 4%
(Go¨tz et al., 1991) to 29% (Maletinska and Spinka, 2001), but differences in
group size and day of observation in relation to lactation length are thought
to influence these numbers. The extent to which cross-suckling occurs is influ-
enced by the exact system design and management techniques employed in the
pre- and post-mixing environments. In most commercial and experimental
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farrowing systems that practice multisuckling, sows farrow individually and
mixing of sows and litters occurs around day 10 to day 14 of lactation, either in
the same room by removal of pen barriers or by movement to a specifically
designed multisuckling pen. If sows are able to get-away from the litter prior to
entry into amultisuckling system, then cross-suckling can be reduced (Dybkjaer
et al., 2001). Similarly, if sows and litters have some familiarity with the multi-
suckling environment prior to being able to mix, then again cross-suckling can
be halved relative to groups of sows and litters moved direct into the multi-
suckling environment on day 14 (Wattanakul et al., 1998a).Moving andmixing
on the same day also reduces the number of suckling attempts and the number
of successful milk let-downs (Wattanakul et al., 1998a).
When we look at individual piglets, it has been found that 34 to 38% of all
piglets cross-suckle at least once (Olsen et al., 1998; Maletinska and Spinka,
2001). However, within this fairly large number, there appears to be two popu-
lations – those that are occasional cross-sucklers and those that are habitual
cross-sucklers. Olsen et al. (1998) reported that in fact only around 5% of piglets
were habitual cross-sucklers and 29% were occasional. Maletinska and Spinka
(2001) reported 15%habitual and 23%occasional. Cross-sucklers are more likely
to come from sows with relatively low milk yield (Olsen et al., 1998) and from
large litters (Maletinska and Spinka, 2001) and also cross-suckle from sows
with relatively large litters themselves, perhaps ensuring access to a functional
teat (Maletinska and Spinka, 2001).
The presence of ‘alien’ piglets can disrupt the suckling event, especially on
the day of mixing, and a number of studies have reported decreased successful
sucklings post-mixing (Wattanakul et al., 1997a, 1998a,b; Pedersen et al., 1998).
To reduce cross-suckling, sows can show aggression towards alien piglets
(Olsen et al., 1998) but widely reported is synchrony in nursing, where sows in
a group have milk let-down simultaneously (Bryant et al., 1983; Wechsler and
Brodmann, 1996; Wattanakul et al., 1997a; Maletinska and Spinka, 2001), so
that piglets nurse at their dam’s udder without excessive competition from alien
piglets. Thus, although cross-suckling does occur in group lactation systems, it
need not result in disadvantages for the piglets, with a combination of manage-
ment and sow input controlling the extent to which it occurs and ameliorating
potential negative outcomes such as disrupted nutrient intake and growth
patterns,
5.5.6 Challenges with Weaning
Weaning is the timeof final cessationofnursingand sucklingactivities (Counsilman
and Lim, 1985). In wild boar and free-ranging domestic pigs, weaning occurs
around 3–4 months post-parturition (Newberry and Wood-Gush, 1985; Jensen
andStangel, 1992) and is a gradual process.Under commercial conditions,weaning
mayoccur anywhere between 2 and 8weeks post-partum, depending on the system.
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Regardless, we have the challenge of weaning at an early age relative to ‘nature’
and we often have the challenges of abrupt change in diet from milk to solid
feed, movement to a different environment and mixing with piglets from other
litters.
 Weaning at an early age influences piglet welfare
The biggest problem with addressing this issue is that researchers have
invariably chosen to compare two or more weaning ages that are both or all
effectively ‘early’ when compared with 3–4 months. The incidence of belly-
nosing or pen-mate manipulation has garnered a lot of attention and its
performance has been hypothesized as being related to suckling motivation
and redirected feeding attempts (Weary et al., 1999b; Worobec et al., 1999).
Recent work appears to highlight a relationship with post- rather than pre-
suckling behaviour (Torrey and Widowski, 2006). Belly-nosing is still consid-
ered to be indicative of compromised welfare for the performer but it can
certainly have health and welfare implications (umbilical lesions) for those
pigs that are recipients (Main et al., 2005). The amount of belly-nosing is related
to age at weaning, being seen more frequently in piglets weaned at 1–2 weeks of
age than in piglets weaned at 3 weeks of age or later (Gonyou et al., 1998;
Worobec et al., 1999; Hohenshell et al., 2000; Main et al. 2005). However, even
looking among later-weaned piglets, more nosing is seen in piglets weaned at 3
weeks, compared to piglets weaned at 4 (Colson et al., 2006), 5 (O’Connell et al.,
2005) and 6 weeks (Bøe, 1993). Belly nosing incidence can be reduced by
weaning into enriched pens (Dybkjaer, 1992, O’Connell et al., 2005; Bench
and Gonyou, 2006) and especially by providing enrichment devices that are
designed specifically to satisfy or attract nosing behaviour (Bench and Gonyou,
2006).
Other issues with very early weaning – i.e. at or before 2 weeks of age – include
increased aggression at mixing in later life (Hohenshell et al., 2000; Yuan et al.,
2004; Colson et al., 2006), decreased immune function and increased mortality in
the post-weaning period (Davis et al., 2006), depressed feed intake and poorer
growth rates (Gonyou et al., 1998; Colson et al., 2006) and changes in the expres-
sion of genes regulating glucocorticoid response (Poletto et al., 2006), which may
have long term effects on the pig’s ability to cope with stress later in life.
 The change from milk to solid feed influences piglet welfare
When the sow and her litter are kept intact and separated from others, there
may be temporal changes in certain parameters of nursing, such as a decrease in
total nursing duration and an increase in the percentage of nursings terminated
by the sow (Valros et al., 2002). However, there is no change in the total number
of successful nursings per day, over a 4–5 week post-partum period (Valros
et al., 2002). This is quite different from what occurs in the ‘natural’ situation
and in other farrowing systems such as those that allow the sow to get away
from her litter or which allow sows and/or litters to mix prior to weaning. In a
semi-natural enclosure, weaning is a very gradual event, beginning within the
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first few weeks after parturition and ultimately being completed at 13–17 weeks
(Newberry and Wood-Gush, 1985; Jensen, 1988). Over that time period, the
number of suckling events per hour decreases steadily from the 2nd week of
lactation until the 10th week and drops more steeply (Jensen and Rece´n, 1989).
The number of suckling events initiated by the piglets and terminated by the
sow increases and more suckling events occur with piglets missing (Jensen and
Rece´n, 1989).
With ‘get-away’ systems, the sowwill increasingly choose to spend time away
from her litter (Bøe, 1994; Rantzer et al., 1995; Weary et al., 2002). However,
these systems do not mirror nature as in the ‘natural’ situation, the sow cannot
isolate herself from her litter. Thus, inmany of these ‘get-away’ or sow-controlled
systems, certain individual sows (and there is considerable variation) may spend
inappropriate amounts of time away from the litter resulting in litters being
effectively abandoned and weaned early (Bøe, 1994, Rantzer et al., 1995).
Those that do not abandon the litter completely may still spend an average of
14 h a day away from the litter by the 4th week of lactation (Weary et al., 2002)
and not surprisingly, the number of suckling events per day in these systems
begins to reduce quite considerably as lactation progresses. In systems with
mixing of sows and litters prior to weaning, there is some evidence that nursing
frequency reduces over lactation compared to individually housed sows and
litters (Arey and Sancha, 1996; Weary et al., 1999a).
These differences in nursing behaviour will subsequently impact how the
piglets react to weaning when it is imposed. For those piglets with high reliance
on nursing, the abrupt change frommilk to only solid feed will have the greatest
impact, resulting in a marked growth check as piglets’ energy intake drops
drastically albeit temporarily. Associated with weaning are marked changes in
the histology and biochemistry of the small intestine, such as villous atrophy
and crypt hyperplasia (Pluske et al., 1996). The use of creep feed for piglets prior
to weaning is contentious and may have little effect for post-weaning feed
intake or make the transition from milk to solid feed at weaning any easier.
This is probably because of the different circumstances under which it may be
offered. If it is offered to piglets in conventional individual farrowing systems
weaned at 2–3 weeks of age, it is unlikely to be of much benefit as milk
availability is likely to be consistently high up to the point of weaning. However,
where piglets may be weaned at a later age or where the nursing frequency
declines over lactation, creep feed may well help piglets contend with weaning.
Pajor et al. (1991) measured creep feed intake in piglets from day 10 to day 28 of
lactation and found that up to day 21, average intake was less than 5 g per day,
with large variation both between and within litters. From day 21 to day 28
average intake increased quite rapidly up to 63 g per day, but it was the larger,
more physically mature piglets which ate most and there was no direct relation-
ship between pre-weaning intake and post-weaning gain. This variability and
post-weaning effect was also reported by Fraser et al. (1994). Other studies
where access to the sow may be limited have shown that piglets eat more feed
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pre-weaning and post-weaning compared to piglets with ready access to the sow
at all times (Cox and Cooper, 2001; Weary et al., 2002).
 Movement from the lactation environment at weaning influences piglet
welfare
Usually at weaning, piglets are moved and mixed to standardize size and/or
gender and free up the expensive farrowing accommodation for the next batch
of sows. The idea that piglets stay where they are at weaning, with only the sows
being moved out is not a new one (Charlick et al., 1968) but is rarely used,
except perhaps in the Swedish multisuckling systems, where it is usual practice
to remove the sows at weaning and keep the piglets in the multisuckling pen up
to about 25 kg weight. There are few experimental studies available to deter-
mine the effects of movement at weaning on piglet welfare. Although Rantzer
and Svendsen (2001) have highlighted concerns with hygiene and morbidity
when leaving piglets in the home pen at weaning, all other studies have shown
advantages compared to moving. Both Bøe (1993) and Puppe et al. (1997)
compared leaving litters in the farrowing pen with moving to flat decks at
weaning and found that moving resulted in more pen-mate manipulation
including tail-biting (Bøe, 1993) and higher aggression, decreased immunity
and elevated glucose levels (Puppe et al., 1997). Furthermore, moving at wean-
ing resulted in welfare being more compromised compared with mixing at
weaning (Puppe, et al. 1997). Comparisons of the ‘Specific-Stress-Free’ (SSF)
system, which raises pigs from birth to slaughter in the same pen has also
demonstrated better growth rates, lower cortisol concentrations, decreased
aggression and better immune system activity compared to moving and mixing
piglets at weaning (Ekkel et al., 1995; Ekkel et al., 1996).
The final major challenge with weaning in most commercial systems is
mixing with other piglets. The advantages/disadvantages of mixing at weaning
compared to mixing during lactation have been covered in the previous section.
5.6 Overall Assessment of Welfare in Different Systems
In the above section, we have taken the approach of in-depth investigation of
each of the separate phases of time spent in the farrowing house, for the sow and
her litter and discussed these individual elements in relation to aspects of system
design. In this final section, we will now tie some of this together with respect to
hypothetical systems in use in commercial practice. This will give a clearer
indication of how current systems may interface with the welfare requirements
of sows and litters during their time in the farrowing house. However, we must
also issue some caveats – we will be dealing with generalizations to illustrate
concepts based on information presented in the chapter, which in turn is derived
from papers published to date on research often carried out in very specific
situations. On any given farm, welfare within a farrowing system will be
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influenced by many things including system design, herd health, genetics, feed-
ing system, gestation system and the skill of the carers. Extrapolation of the
discussion below to a specific system not described would not be applicable and
is therefore ill-advised. For the scoring system, we will also make the assump-
tion that the sows exhibit good maternal behaviour, so that the limitations of
the system, rather than the sow, are highlighted.
5.6.1 Hypothetical Systems Descriptions
1. Conventional Crates. Conventional tubular metal farrowing crate on slatted
floor. No bedding but heated creep area for piglets. Litters kept intact with
sow throughout 2–3 week lactation. No creep feeding. At weaning, piglets
are moved and mixed with unfamiliar piglets.
2. Modified Crates. Conventional tubular metal farrowing crate on solid, long-
stem straw bedded floor. Heated creep area for piglets. Litters are kept intact
for 10 days and then partitions between 3 pens are removed allowing litters
only to mix. Weaning occurs at 4 weeks of age and piglets given access to
creep feed from 2 weeks of age. Piglets are moved at weaning but are not
mixed with any unfamiliar piglets.
3. Hinged Crates. Hinged tubular metal crates on solid, long-stem straw-
bedded floor. On entry to the system crate is open and is not closed until
nesting has finished. Sow is kept in closed crate until litter is 7 days of age,
then crate is opened. Heated creep area for piglets. Litter kept intact with
sow throughout 3–4 week lactation, but sow may have limited communica-
tion with sows in neighboring pens. No creep feeding. At weaning, piglets are
moved and mixed with unfamiliar piglets.
4. Open Pens. Open pens with solid, long-stem straw-bedded floor and piglet
protection rails around perimeter. Heated creep area for piglets. Litter kept
intact with sow throughout 3–4 week lactation but sow may have limited
communication with neighboring sows. No creep feeding. At weaning,
piglets are moved and mixed with unfamiliar piglets.
5. Single Ark. Insulated farrowing ark in paddock for single sow, ringed by an
electric fence. Paddock has some grass cover and ark is beddedwith deep long-
stem straw. Sow is kept singly throughout 3–4 week lactation but sow may
have limited communication with sows in neighboring paddocks. Piglets are
contained within the ark for 7–10 days by a fender and then released into the
paddock. Piglets can move under fence and mix with piglets in other pad-
docks. No creep feed, but sow is floor fed and piglets can access sow feed. At
weaning, piglets are moved but not mixed with unfamiliar piglets.
6. Ljungstrom System. Swedish Ljungstrom system, with sows housed indivi-
dually in straw-bedded, solid-floored pens with piglet protection rail around
perimeter. Heated creep area for piglets. Sow and litter kept intact for
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14 days and then moved together to a deep-bedded multisuckling pen with 9
other sows and litters. Piglets can access creep feeder from 14 days of age, up
to weaning at 6 weeks. At weaning, sows are removed, piglets remain in the
multisuckling pen.
7. Thorstensson System. Swedish Thorstensson system, with 8 sows group-
housed in a large, deep straw-bedded pen with 8 individual temporary pens
down one side. Sows are grouped before and during a 6-week lactation
period. Piglets are retained in the home pens until 10 days of age by a barrier,
but are then mixed by removal of all the pens and the system becomes a
multisuckling system. Piglets can access creep feeder from 21 days of age up
to weaning at 6 weeks. At weaning, sows are removed and piglets remain in
the pen.
8. Grouped Arks. Insulated farrowing arks in a group paddock for 6 sows
ringed by an electric fence. Paddock has some grass cover and ark is bedded
with deep long-stem straw. Sows are grouped before and during a 3 to 4 week
lactation period. Piglets are contained within the arks for 7–10 days by a
fender and then released into the paddock. Piglets can move under fence and
mix with older and younger piglets in other paddocks. No creep feed, but
sows are floor fed and piglets can access sow feed. At weaning, piglets are
moved but not mixed with unfamiliar piglets.
9. Communal Pens. Communal farrowing system for 4 sows with individual,
deep-strawed, open farrowing pens incorporating sloping walls with piglet
escape area underneath, communal sow passageway and communal outdoor
lying/dunging area. Heated creep area for piglets. Sows are grouped before
and during 4 week lactation. Piglets are kept within home pen for 10 days by
a barrier which is removed to allow litters to mix. No creep feeder but piglets
may access some food from sow feeder. At weaning, piglets are moved but
not mixed with unfamiliar piglets.
5.6.2 Welfare Assessment of Hypothetical Systems
The pluses andminuses of each of the systems are given in tabulated form below
(Table 5.2). The rationale behind the scores given can be summarized as follows:
1. Conventional Crates. Sow cannot isolate or seek nest site. Inability to nest-
build can result in disturbed farrowing, placing newborn piglets at risk of
crushing or stillbirth. But crate perhaps helps newborn piglets locate udder
more easily. During nest occupation, sow cannot move around or leave the
litter but her piglets are protected from early mortality by the crate. All social
integration is thwarted. Sow has decreased control over nursing frequency
and piglets are weaned early and abruptly and moved and mixed.
2. Modified Crates. Sow cannot isolate or seek nest site. Can carry out limited
nest-building with bedding, and this may be sufficient to prevent disturbed
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farrowing. But crate perhaps helps newborn piglets locate udder more easily.
During nest occupation, sow cannot move around or leave the litter but her
piglets are protected from early mortality by the crate. Sow’s social integra-
tion is thwarted but piglets are able to mix. Due to multisuckling, and creep
feed presence, sows may have some control on nursing frequency. Piglets
have a degree of solid feed intake and are not mixed at weaning.
Table 5.2 Quantitative sow and litter welfare scores for each hypothetical system over six
separate phases of farrowing
System Isolation & Nest-site
seeking
Nest-building Farrowing
Sow
welfare
Litter
welfare
Sow
welfare
Litter
welfare
Sow
welfare
Litter
welfare
1. Conventional
crates
‘‘ ‘‘ ‘ –
2. Modified
crates
‘‘ – – –
3. Hinged crates ‘ – – –
4. Open pens – [ [ [
5. Single ark [ [[ [ [
6. Ljungstrom
system
– [ [ [
7. Thorstensson
system
[ [[ [ [
8. Grouped arks [ [[ [ [
9. Communal
pens
[ [[ [ [
System Nest occupation Social integration Weaning
Sow
welfare
Litter
welfare
Sow
welfare
Litter
welfare
Sow
welfare
Litter
welfare
1. Conventional
crates
‘‘ [[ ‘‘ ‘‘ ‘‘ ‘‘
2. Modified
crates
‘‘ [[ ‘‘ [ ‘ [
3. Hinged crates ‘ [[ ‘ ‘‘ ‘‘ ‘
4. Open pens – ‘‘ ‘ ‘‘ ‘‘ ‘
5. Single ark [ ‘‘ ‘ [[ [ [
6. Ljungstrom
system
[ ‘‘ [ [ [ [[
7. Thorstensson
system
[[ ‘‘ [[ [[ [ [[
8. Grouped arks [[ ‘‘ [[ [[ [ [
9. Communal
pens
[[ ‘‘ [[ [[ [ [
[[ large positive effect on welfare [ positive effect on welfare.
– neutral effect on welfare ‘ negative effect on welfare.
‘‘ largenegative effect on welfare.
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3. Hinged Crates. Sow cannot isolate or seek nest site but can move around the
pen. Can carry out nest-building with bedding, and this may be sufficient to
prevent disturbed farrowing. But crate perhaps helps newborn piglets locate
udder more easily. During most of nest occupation, sow cannot move
around or leave the litter but her piglets are protected from early mortality
by the crate. After 7 days, crate is open and sow can move around the pen.
Piglets’ social integration is thwarted but sows may carry out limited social
interactions with neighbors. Sow has decreased control over nursing fre-
quency and piglets are weaned abruptly and moved and mixed.
4. Open Pens. Sow cannot isolate or seek nest site but can move around the pen.
Can carry out nest-building with bedding, and this may be sufficient to
prevent disturbed farrowing. During most of nest occupation, sow can move
around but not leave the litter and her piglets are relatively unprotected from
crushing. Piglets’ social integration is thwarted but sowsmay carry out limited
social interactions with neighbors. Sow has decreased control over nursing
frequency and piglets are weaned abruptly and moved and mixed.
5. Single Ark. Sow can isolate but nest site is pre-assigned. Can carry out nest-
building with bedding and paddock vegetation, and this may be sufficient to
prevent disturbed farrowing. During nest occupation, sow can move around
and leave the litter but her piglets are relatively unprotected from crushing.
Piglets can socially integrate but sows may carry out only limited social
interactions with neighbors. Sow has some control over nursing frequency,
piglets have a degree of solid feed intake and are not mixed at weaning.
6. Ljungstrom System. Sow cannot isolate or seek nest site but can move
around the pen. Can carry out nest-building with bedding, and this may be
sufficient to prevent disturbed farrowing. During most of nest occupation,
sow can move around but not leave the litter and her piglets are relatively
unprotected from crushing. Social integration of sows and piglets is sudden
and involves moving to new environment. Sow has some control over nur-
sing frequency, piglets have a degree of solid feed intake and are not mixed or
moved at weaning.
7. Thorstensson System. Sow can achieve limited isolation and has some choice
of nest sites. Can carry out nest-building with bedding collected inside and
outside of pens, and this may be sufficient to prevent disturbed farrowing.
During most of nest occupation, sow can move around but not leave the litter
and her piglets are relatively unprotected from crushing. Piglets and sows can
socially integrate. Sow has some control over nursing frequency, piglets have a
degree of solid feed intake and are not mixed or moved at weaning.
8. Grouped Arks. Sow has choice of nest sites andmay isolate herself. However,
her chosen nest-site may already be occupied meaning she has to take a non-
preferred site or ‘double up’, which is a management challenge. Can carry
out nest-building with bedding and paddock vegetation, and this may be
sufficient to prevent disturbed farrowing. During nest occupation, sow can
move around and leave the litter but her piglets are relatively unprotected
from crushing. Piglets and sows can socially integrate. Sow has some control
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over nursing frequency, piglets have a degree of solid feed intake and are not
mixed at weaning.
9. Communal Pens. Sow can achieve limited isolation and has some choice of
nest sites. However, as with grouped arks, her chosen nest-site may already
be occupied meaning she has to take a non-preferred site or ‘double up’,
which is a management challenge. Can carry out nest-building with bedding
collected inside and outside of pens, and this may be sufficient to prevent
disturbed farrowing. During nest occupation, sow can move around and
leave the litter but her piglets are relatively unprotected from crushing.
Piglets and sows can socially integrate. Sow has some control over nursing
frequency, piglets have a degree of solid feed intake and are not mixed at
weaning.
Although hypothetical, the description of these system designs illustrates the
type of features that impact sow and piglet welfare during the various different
stages of farrowing system occupation. No single system has positive effects on
welfare for sows and litters across the board, so even the ‘best’ system has an
element of compromise. Under the nominal scoring scheme used, the overall
worst is Conventional Crates (see Table 5.3) and the overall best are the
Thorstensson system and the Grouped arks (Table 5.3).
However, this is purely a quantitative assessment and does not attempt to
assign different qualitative weightings to different factors. The most important
aspects that this exercise highlights are perhaps the fact that conventional crates
rank poorly for both sow and piglet welfare, based on the review of the scientific
literature, but thatmodifications including bedding, mixing of litters pre-weaning,
increasing weaning age slightly and offering creep feed can certainly improve
piglet welfare within the system. For the sows, group-housing appears to offer
welfare advantages, but these systems certainly increase the management skills
needed by the stockperson and without these, welfare scoring could be consider-
ably lower. Also, and the real crux of the welfare assessment problem, where the
sow is loose-housed, piglet welfare during the nest occupation phase tends to be
Table 5.3 System ranking based on the relative number of advantages and disadvantages in
welfare terms for sows, piglets and overall
System Sow
welfare
[:‘
‘‘Rank’’ Litter
welfare
[:‘
‘‘Rank’’ Overall
welfare
[:‘
‘‘Rank’’
1. Conventional crates 0:11 9 2:4 8 2:15 9
2. Modified crates 0:7 8 4:0 1 4:7 6
3. Hinged crates 0:5 7 2:3 7 2:8 8
4. Open pens 2:3 6 1:5 9 3:8 7
5. Single ark 6:1 4 4:2 3 10:3 4
6. Ljungstrom system 5:0 4 4:2 3 9:2 4
7. Thorstensson system 9:0 1 5:2 2 14:2 1
8. Grouped arks 9:0 1 4:2 3 13:2 2
9. Communal pens 9:0 1 4:2 3 13:2 2
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disadvantaged, with the disadvantage being an increase in early pre-weaning
mortality. This remains the key problem with alternative farrowing systems as
it represents a major economical loss to the producer as well as a welfare issue.
5.7 Conclusions
The assessment of welfare within farrowing systems remains a difficult area of
study due to the conflicting needs of the sow and her litter. Conventional
farrowing crates can safeguard piglet welfare during the nest occupation
phase of farrowing, especially limiting early pre-weaning mortality; an extre-
mely important factor for the welfare of the individual piglet and also for the
profitability of the commercial producer.
However, conventional crates also have a number of disadvantages with
respect to sow and piglet welfare during other stages of lactation, and maybe
throughout other stages of production. Many alternative systems exist albeit at
an economical cost to the producer and most confer welfare benefits during
some of the farrowing stages.
For increased piglet mortality not to be a problem which currently it is, there
needs to be a greater reliance on the selection of our gilts and sows for positive
maternal traits (i.e. rooting, pawing and being responsiveness to their piglets)
and a greater reliance on caretaker skills to manage the farrowing and lactating
systems optimally.
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